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conductive polysilicon layer electrically interconnected with
a first metal layer, and a control gate, including a second
metal layer. The floating gate 1s disposed adjacent to the
source and drain regions and separated from the semicon-
ductor substrate by a first dielectric layer, and the second
metal layer of the control gate is capacitively coupled to the
first metal layer with a second dielectric layer therebetween.
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1
MODIFIED-LAYER EPROM CELL

BACKGROUND

Programmable read-only memory (PROM) chips are well
known and widely used 1n a variety of computer devices. A
conventional PROM chip includes a grid of metal conduc-
tors forming columns and rows. The columns and rows are
formed on different layers of the chip, separated by a
dielectric layer, and mnitially include conductive fuses inter-
connecting each row/column intersection. Each intersection
provides one bit. To program the chip, a relatively high
current 1s selectively routed to certain fuses to cause them to
burn out. Intersections where fuses remain have a value of
1, while those where the fuses have been burned out provide
a value of 0 1n the binary logic of the circuit.

Modified types of PROM chips are also known. Negative-
channel metal-oxide semiconductor (NMOS) chips have
been developed that allow bits to be addressed individually,
rather than 1n an array, and use different fuse technology.
Such non-standard PROM chips are used 1n ink jet print-
heads and the like. Notwithstanding diflerences with stan-
dard PROM technology, NMOS chips are programmed and
used 1n basically the same way. Fuses are selectively burned
out to program each bit to the desired binary state.

Programming and using ROM chips 1n this way has some
drawbacks. If a chip 1s improperly programmed initially,
there 1s no way to fix 1it, and the chip must be discarded.
Additionally, fuses are relatively large, and can be unreli-
able. In ink jet printhead circuits, for example, fuses can
damage the ink jet onfice layer during programming, and
after a fuse burns out, metal debris from the fuse can be
drawn 1nto the ik and cause blockage 1n a pen, or result 1n
poor quality printing.

In recent years, electronically programmable read-only

memory (EPROM) devices have also been developed.
Unlike typical PROM chips, EPROM chips do not include

tuses. Like typical ROM chips, EPROMs include a conduc-
tive grid of columns and rows. The cell at each intersection
has two gates that are separated from each other by a thin
oxide layer that acts as a dielectric. One of the gates 1s called
a floating gate and the other 1s called a control gate or input
gate. The floating gate’s only link to the row 1s through the
control gate. A blank EPROM has all of the gates fully open,
grving each cell a value of 1. That 1s, the floating gate
initially has no charge, which causes the threshold voltage to
be low.

To change the value of the bit to 0, a programming voltage
(e.g. 10 to 16 volts) 1s applied to the control gate and drain.
This programming voltage draws excited electrons to the
floating gate, thereby increasing the threshold voltage. The
excited electrons are pushed through and trapped on the
other side of the thin oxide layer, giving 1t a negative charge.
These negatively charged electrons act as a barrier between
the control gate and the floating gate. During use of the
EPROM cell, a cell sensor monitors the threshold voltage of
the cell. If the threshold voltage 1s low (below the threshold
level), the cell has a value of 1. If the threshold voltage 1s
high (above the threshold level), the cell has a value of zero.

Because EPROM cells have two gates at each intersec-

tion, an EPROM chip requires additional layers compared to
a standard NMOS or PROMchip. Consequently, while some

of the drawbacks of fuses 1 NMOS circuits could be
climinated by the application of EPROM circuitry to the
same application, the use of EPROM cells either requires
that the chip be provided with additional layers, which
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increases the cost and complexity of the chip, or that a
separate EPROM chip be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

Various features and advantages of the invention will be
apparent from the detailed description which follows, taken
in conjunction with the accompanying drawings, which
together 1illustrate, by way of example, features of the
invention, and wherein:

FIG. 1A 1s a schematic diagram of a typical EPROM
transistor;

FIG. 1B 1s an alternative schematic diagram of a typical
EPROM transistor:

FIG. 2 1s a cross-sectional view showing the circuitry
layers 1 a typical EPROM chip;

FIG. 3 1s a cross-sectional view showing the layers in one
embodiment of an 1nk jet printhead circuait;

FIG. 4 1s a schematic diagram of one embodiment of an
EPROM transistor that can be adapted for use with the
circuitry layers shown in FIG. 3;

FIG. 5 1s a schematic diagram of circuitry for program-
ming the EPROM transistor of FIG. 4; and

FIG. 6 1s a schematic diagram of an EPROM array
incorporating an embodiment of a modified-layer EPROM
transistor.

DETAILED DESCRIPTION

Retference will now be made to exemplary embodiments
illustrated 1n the drawings, and specific language will be
used herein to describe the same. It will nevertheless be
understood that no limitation of the scope of the mnvention 1s
thereby intended. Alterations and further modifications of
the inventive features illustrated herein, and additional
applications of the principles of the mvention as 1llustrated
herein, which would occur to one skilled 1n the relevant art
and having possession of this disclosure, are to be consid-
ered within the scope of the invention.

The inventor has recognized that electronically program-
mable read-only memory, or EPROM, can be used to
climinate fuses 11 NMOS circuits, such as 1n 1k jet print-
heads and other applications. EPROM cells do not include
fuses, and provide a number of advantages over NMOS bits.

Two different schematic diagrams of an EPROM cell or
bit 10 are shown in FIGS. 1A and 1B. An EPROM cell
generally includes an iput gate 12 (also called a control
gate), a floating gate 14, and a semiconductor substrate 16
that includes a source 18 and a drain 20. As shown 1n FIG.
1B, the substrate 1s provided with N+ doped regions adjacent
to the source and drain, respectively, and a p doped region
22 therebetween. The control gate and floating gate are
capacitively coupled together, with a dielectric material 24
between them, such that the control gate voltage 1s coupled
to the floating gate. Another layer of dielectric material 26
1s also disposed between the floating gate 14 and the
semiconductor substrate 16.

A high voltage bias on the drain 20 generates energetic
“hot” electrons. A positive voltage bias between the control
gate 12 and the drain pulls some of these hot electrons onto
the floating gate 14. As electrons are pulled onto the floating
gate, the threshold voltage of the cell, that 1s, the voltage
required to cause the gate/drain to conduct current,
increases. If suflicient electrons are pulled onto the floating
gate, those electrons will block current flow such that the
threshold voltage will eventually increase to a level above a
desired threshold voltage (e.g. the operating voltage of the
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circuit). This will cause the cell to block current at that
voltage level, which changes the operating state of the cell
from a 1 to a zero. After programming of the cell, a cell
sensor (not shown) 1s used during normal operation to detect
the state of the EPROM cell.

Because EPROM cells include two gates at each bit
location, these chips require more layers than a PROM or
NMOS chip. Shown 1 FIG. 2 1s a cross-sectional view of
the layers 1n a typical EPROM chip 30. Disposed atop the
semiconducting silicon substrate 32 i1s a gate oxide 36.
Disposed atop the gate oxide layer 1s a layer of polysilicon
material 38, 1n which the floating gate (14 1n FIG. 1) 1s
formed. When properly doped, this polysilicon material
functions as a conductor. The gate oxide layer 36 functions
as a dielectric layer (26 1n FIG. 1) between the floating gate
and the semiconductor substrate.

Disposed atop the floating gate layer 1s another layer 40
of gate oxide material, which provides another dielectric
layer, atop which 1s another layer of polysilicon 42, 1n which
the control gate (12 1 FIG. 1) 1s formed. Disposed atop the
control gate layer are one or more metal layers 44, 48,
separated by another dielectric layer 46. The metal layers
provide row and column lines for the EPROM circuit, and
also make the various electrical connections between the
control gate, the drain, and other components of the circuait.

These circuit layers 1n a typical EPROM circuit are in
contrast to the layers found 1n a typical PROM circuit, such
as that used 1n an 1nkjet printhead. A cross-sectional view of
the layers 1n an inkjet control PROM chip 30 1s given i FIG.
3. This chip includes a semiconductor substrate 52, atop
which 1s an oxide layer 54 (such as silicon dioxide, $10,),
tollowed by a polysilicon layer 56, a dielectric layer 58, then
a metal 1 layer 60 and metal 2 layer 64, these metal layers
being separated by a dielectric layer 62.

The two metal layers 60, 64 provide the row and column
lines for the circuit, and other circuit connections. It will be
apparent that this layer configuration lacks an additional
polysilicon layer and gate dielectric that would be needed
tor creation of an EPROM cell. Prior attempts to implement
EPROM’s 1n this type of circuit have focused on adding
additional process steps to add an extra floating gate and gate
dielectric. Another option 1s to add a separate EPROM chip.
Both of these options add complexity and cost.

Advantageously, the inventor has developed a structure
and method for providing EPROM functionality using the
layers 1n this PROM chip, without adding process layers and
cost. Shown 1n FIG. 4 1s a schematic diagram of an EPROM
bit 70 that has been designed and fabricated using the
existing layers of the inkjet pen control chip shown in FIG.
3. This configuration implements EPROM by creating a
capacitive coupling between the metal 1 layer 60 and metal
2 layer 64. Parallel opposing capacitor plates are formed 1n
the metal 1 and metal 2 layers. The plate formed 1n the metal
2 layer creates a control gate. Because of this configuration,
the voltage 1n this layer will be capacitively coupled to the
metal 1 layer.

Another similar parallel structure 1s formed 1n the poly-
silicon layer 56. A break 1n the dielectric layer 58 below the
metal 1 layer 1s created to allow the metal one layer to be
clectrically interconnected with this parallel structure in the
polysilicon layer. The metal 1 layer and the polysilicon layer
thus together create a floating gate 72, which 1s separated
from the silicon substrate by the dielectric layer 54. With this
arrangement, the control gate/floating gate structure needed
tor an EPROM cell 1s provided.

As used 1 this description, the term “metal 17 layer
always refers to the metal layer that 1s associated with the
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floating gate, and the term “metal 2” layer refers to the top
metal layer, that associated with the control gate. However,
it 1s to be understood that the terms “first metal layer” and
“second metal layer” as used in the claims can be inter-
changed, depending upon the perspective of the claim. For
example, when describing the EPROM cell from the top
down (starting from the control gate), the metal layer
associated with the control gate (imetal 2), will be referred to
as the “first metal layer,” and the metal layer associated with
the floating gate (metal 1) will be referred to as the “second
metal layer.” Conversely, 11 the cell 1s described from the
substrate up, the designation of “first metal layer” waill
correspond to metal 1, and the “second metal layer” will
refer to metal 2.

The capacitance between the metal 1 and metal 2 layers
can be relatively high. The inventor has used a silicon
carbide/silicon nitride material for the dielectric layer 62 that
has a moderately high dielectric constant of from about 6 to
about 7. Consequently, the capacitance between the metal 1
and metal 2 layers can be in the range of about 1.5x107'°
F/um®. With a capacitance in this range, the inventor has
tested configurations i which the metal 1 and metal 2
capacitor plates each have an area of from about 400 um? to
about 2500 um® to 400. These tests have shown a total
capacitance of from 0.37 pF to 0.6 pF.

A schematic diagram of circuitry for programming the
EPROM transistor 70 1s provided 1in FIG. 5. Programming of
this EPROM cell, like typical EPROM cells, 1s done by
applying a voltage pulse to the control gate 64 and drain 74.
This 1s done 1n order to provide an adequate quantity of hot
clectrons to the floating gate 72. It 1s desirable that the
voltage between the source and drain be close to the break-
down voltage of the circuit. The breakdown voltage 1s the
(drain) voltage at which the transistor begins to conduct with
the gate below threshold voltage (gate at zero volts). In one
embodiment, the inventor has programmed the EPROM
circuit at a voltage of about 16x1 V where the circuit has a
breakdown voltage of 15 Volts.

In the circuit of FIG. 5, the control gate 64 1s tied to the
drain 74 with a resistor 78 (having a resistance of, e.g., 100
ohm) in order to limit the breakdown current. Additionally,
the physical size of the channel (gate) length—that 1s, the
length of the channel under both gates—can be manipulated
to modily the breakdown voltage. For example, a narrower
gate length will lower the breakdown voltage. In one
embodiment, the inventor has used a gate length of from 3.0
um to 3.5 um, stead of 4 um for this purpose.

The time required for programming i1s a function of the
floating gate voltage, the quantity of hot electrons drawn to
the floating gate, the threshold voltage change desired, the
total gate structure capacitance, and the thickness of the gate
oxide (the oxide between the substrate and the floating gate).
The gate oxide thickness determines the percentage of
energetic hot electrons which are able to reach the floating
gate. In one embodiment, the floating gate voltage 1s in the
range of 5 volts to 12 volts, though other voltage ranges can
be used. The floating gate voltage depends upon the voltage
on the control gate, and the coupling ratio of the metal 1 and
metal 2 layers. While the desired hot electrons will be
provided with any gate oxide thickness, the thickness of the
gate oxide will sometimes be fixed for a given chip con-
figuration. For example, 1n one embodiment of a printhead
control chip, the thickness of the gate oxide 1s fixed at 700
A.

The quantity of hot electrons provided during program-
ming 1s higher when programming 1s done at close to the
breakdown voltage, and with higher current. In one embodi-
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ment, the mventor has programmed with a 25 mA current,
though other currents can also be used. The inventor has also
contemplated a 20 mA programming current, for example,
and other currents can also be used. A range for the threshold
voltage that the inventor has used 1s from 3 volts to 7 volts,
but other threshold voltage ranges can also be used. Under
the above parameters, the inventor has found that a 10
millisecond programming time can be used. However, dii-
ferent programming times can also be used, particularly 1f
the various parameters mentioned above are varied. For
example, the programming time can range from less than
100 us to as much as several seconds (e.g. 4 seconds).

Reading of the EPROM cells 1s done by detecting the
threshold voltage using a cell sensor (not shown) elsewhere
in the circuit. Detecting the threshold voltage can be done
cither by setting the gate/drain voltage and measuring the
corresponding current, or by setting the current and mea-
suring the voltage. The inventor has found that the on
resistance (Ron) of the EPROM cell changes by a factor of
about 2 before and after programming.

The inventor has built and tested this type of EPROM cell
in a laboratory setting. In the test setup, a modified cell was
built to monitor the floating gate voltage. A voltage pulse
was applied to the gate and drain to program the EPROM
cell to a desired threshold voltage. To test the cell to sense
the gate voltage, the gate of a second sense transistor (not
shown) was connected to the floating gate of the EPROM
cell. This causes the gate voltage of the sense transistor to be
the same as the floating gate voltage. The on resistance
(Ron) of the second transistor i1s proportional to the gate
voltage. By monitoring the on resistance of the second
transistor, the floating gate voltage could be determined.

Shown 1 FIG. 6 1s a partial schematic diagram of an
EPROM array 80 that can be produced using the modified-
layer EPROM cell disclosed herein. In this array, EPROM
cells 82 are arranged 1n rows and columns. The gates 92 of
the EPROM cells 82 are all tied to the mput voltage V_
(designated at 93). The drains 83 of the EPROM cells are all
tied together through lines 90a, 905, etc., with a resistor 94
in series to V. to control the current. The sources 85 of the
EPROM transistors are tied to the drains of row transistors
96, which are tied through their sources to the drains of
column transistors 98a, 9856. The row transistors 96 and
column transistors 98 allow selection of the specific
EPROM cells, both for programming and reading.

The row lines 84a, 845 connect to the gates of all row
select transistors 96 1n a given row. The sources of all row
transistors 96 in a given column are connected to the drain
of the column transistor 98 for that column. The gates of
cach column transistor 98a 986 are connected to a voltage
source (not shown) through column lines (not shown). The
sources of the column transistors 98a 986 are connected to
a common voltage, such as ground. To program a cell, the
cell 1s selected by applying a voltage to one row line (e.g.
84a) and one column line (e.g. to the gate of column
transistor 98a), and then a pulse of relatively high voltage
V. (e.g. 16V) 1s applied. To sense the condition of the cell,
a lower mput voltage V. pulse (e.g. 3V) 1s applied 1n the
same way, and the current 1s monitored. In this array, there
1s no high voltage across the drain to the source of the
EPROM ftransistor except when programming. Advanta-
geously, there are no drain to gate voltage coupling 1ssues
because the drain and gate of the EPROM transistors switch
together.

The 1nventor has found that the size of the row select
transistors 96 1s significant because they must handle the
programming current, such as 20 mA, 25 mA, or higher. For
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this purpose, the inventor has used row select transistors
having a width of 150 um. It will be apparent that smaller
s1zes can be used for lower programming current, and larger
sizes will be needed for higher current.

In operation, a row signal turns on all row control
transistors 96 in that row. A column signal turns on a selected
column control transistor 98. An input voltage V, 1s then
applied, and only the cell with both 1ts row and column
transistor turned on will have the full voltage across 1t. All
other cells will have the source of the EPROM transistor
floating. That 1s, the source of the EPROM transistor will not
be driven to any fixed voltage, but will just float to the
voltages on the other terminals. There will be no voltage
across the EPROM transistor. Rather than row and column
control transistors, 1t 1s also possible to provide a single
control transistor with each EPROM cell. Such a configu-
ration will provide one control line per cell, with the
operation of each EPROM cell being controlled by an
individual control transistor. This sort of configuration
would have a larger physical size, but would correspond
more directly with some control schemes that are currently
used for fuses.

The mventor has designed a 2x10 EPROM array 1n the
manner described above for use 1n providing pen ID bits in
an 1nkjet printhead. In this configuration, the row and
column signals can be supplied by the shift register of the
circuit. That 1s, rather than drive the row and column lines
individually, the respective values can be shitted into a shaft
register, and driven from the shiit register outputs. The shift
register addresses the row and column selects of the 2x10
array. It will be apparent to those skilled in the art of
semiconductor design that the geometric configuration of the
circuitry can be configured 1n a variety of ways.

The mventor has built and programmed a 4-bit array
based on the above design. After programming, the EPROM
cells have held their charge for over a year.

The rehability and longevity of the modified-layer
EPROM cell described herein depends upon a number of
factors. Because the layers providing the floating gate and
gate dielectric structures are of different types and thick-
nesses than are typically used in EPROM circuits, some
aspects of the resultant design affect i1ts robustness. For
example, referring to FIGS. 3 and 4 and the matenals
described above, the control gate 64 and floating gate 72 for
this EPROM cell 70 are larger than the corresponding
structure 1in a conventional EPROM circuit. This 1s, 1 part,
because of the relatively high dielectric thickness of the
dielectric layer 62 separating the control gate and floating
gate. Leakage between layers 1s more likely with larger gate
structures, and can aflect the longevity of the charge on the
tfloating gate.

Additionally, the flatness of the layers can aflect their
performance. Slight undulations 1n layer surfaces and varia-
tions 1n the thickness of the diflerent layers can cause charge
concentrations and leakage between the layers. In a pen
control circuit configured with the layers of the PROM chip
shown 1n FIG. 3, for example, the thickness and flatness of
the polysilicon layer 56 and adjacent dielectric layers 54, 58,
are not as critical for operation of the PROM circuit. This
factor affects the level of quality control applied to formation
of these layers. However, in an EPROM circuit, these factors
have a greater eflect.

Nevertheless, where a lower level of reliability can be
tolerated, this configuration can be usetul without the need
to mcrease quality control. This 1s true of 1nkjet pens. The
design life for an inkjet pen 1s usually about 18 months,
primarily because inkjet cartridges are usually sold soon
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alter manufacture, and because the pen then gets used up.
Consequently, 1f the EPROM cells can reliably hold their
charge for that time period, there 1s little likelihood that the
device will not work as intended. However, this same
structure can be eflectively used 1n other applications where
greater reliability 1s desired by exerting greater control over
the flatness and thickness of the layers.

The EPROM structure disclosed herein can replace fuses
in many types of circuits without adding process layers and
cost. This configuration provides cells that are larger than
traditional EPROM cells, but smaller than fuses. EPROM
cells configured this way can also be used for other pur-
poses. Because the charge on the floating gate 1s cumulative,
this configuration can be used to store cumulative quantities.
For example, 1n an inkjet printhead, EPROM cells can be
successively reprogrammed to track the number of pages
printed out, or for other purposes. Since programming of
EPROM cells modifies the threshold voltage of the cell,
successive programming of these cells can be used to control
analog circuits, such as to create a variable time delay. Other
applications are also possible.

It 1s to be understood that the above-referenced arrange-
ments are illustrative of the application of the principles of
the present invention. It will be apparent to those of ordinary
skill 1n the art that numerous modifications can be made
without departing from the principles and concepts of the
invention as set forth in the claims.

What 1s claimed 1s:

1. An EPROM cell, comprising;:

a semiconductor substrate, having source and drain

regions;

a floating gate, disposed adjacent to the source and drain
regions and separated from the semiconductor substrate
by a first dielectric layer of substantially uniform
thickness, the floating gate comprising a semiconduc-
tive polysilicon layer of substantially uniform thickness
engaging the first dielectric layer and being electrically
interconnected with a first metal layer; and

a control gate, comprising a second metal layer, capaci-
tively coupled to the first metal layer via a second
dielectric material disposed therebetween.

2. An EPROM cell 1n accordance with claim 1, wherein

the first dielectric material comprises silicon dioxide.

3. An EPROM cell 1n accordance with claim 1, wherein
the second dielectric material comprises silicon carbide/
s1licon nitride.

4. An EPROM cell 1n accordance with claim 1, wherein
the second dielectric material has a dielectric constant in the
range of from about 6 to about 7.

5. An EPROM cell 1n accordance with claim 1, wherein
the first and second metal layers have a capacitance of about
1.5%107° F/um=.

6. An EPROM cell in accordance with claim 1, wherein
the semiconductive polysilicon layer 1s doped to have a
resistance of about 30 ohms per square.

7. An EPROM cell 1n accordance with claim 1, further
comprising a third dielectric layer, disposed between the
semiconductive polysilicon layer and the first conductive
metal layer, the first conductive metal layer contacting the
semiconductive polysilicon layer through a gap formed 1n
the third dielectric layer.

8. An EPROM cell 1n accordance with claim 1, wherein
the floating gate voltage of the cell 1s in the range of from
about 5 volts to about 12 volts.

9. An EPROM cell 1n accordance with claim 1, wherein
the threshold voltage of the cell 1s in the range of about 3
volts to about 7 volts.
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10. An EPROM cell 1n accordance with claim 1, wherein
a programming charge applied to the floating gate 1s cumu-
lative, such that the cell can be successively charged to store

cumulative values.

11. An FPROM cell 1in accordance with claim 1, wherein
the cell 1s configured to accommodate a programming
current ol about 25 milliamps.

12. An EPROM cell, comprising:

a control gate, comprising a first metal layer;

a second metal layer capacitively coupled to the first

metal layer;

a polysilicon layer, electrically interconnected to the
second metal layer, the polysilicon layer and second
metal layer comprising a floating gate;

a doped semiconductor substrate, having source and drain
regions;

a first dielectric layer, disposed between the semiconduc-
tor substrate and the polysilicon layer, such that an
clectrical charge associated with the floating gate will

aflect a level of current between the source and drain
regions; and

a third dielectric layer, disposed between the semicon-
ductor polysilicon layer and the second conductive
metal layer, the second conductive metal layer contact-
ing the semiconductive polysilicon layer through a gap
formed in the third dielectric layer.

13. An EPROM cell 1n accordance with claim 12, further
comprising a second dielectric layer disposed between the
first metal layer and the second metal layer, the second
dielectric layer having a dielectric constant 1n the range of

from about 6 to about 7, and the first and second metal layers
having a capacitance of about 1.5x107'° F/um?®.

14. An FPROM cell 1n accordance with claim 12, wherein
the first dielectric layer comprises silicon carbide/silicon
nitride, and the second dielectric layer comprises silicon
dioxade.

15. An FPROM cell 1n accordance with claim 12, wherein
the floating gate voltage of the cell 1s 1n the range of from
about 5 volts to about 12 volts, the threshold voltage of the
cell 1s 1in the range of about 3 volts to about 7 volts, and the
cell 1s configured to accommodate a programming current of
about 25 milliamps.

16. An FPROM cell 1n accordance with claim 12, wherein
a programming charge applied to the floating gate 1s cumu-
lative, such that the cell can be successively charged to store
cumulative values.

17. An EPROM array, comprising:

a plurality of EPROM cells disposed in rows and col-

umuns, each EPROM cell 1ncluding;:

a semiconductor substrate, having source and drain
regions;

a floating gate, separated from the semiconductor sub-
strate by a first dielectric layer, the floating gate includ-
ing a semiconductive polysilicon layer electrically
interconnected with a first conductive metal layer;

a control gate, comprising a second conductive metal
layer, capacitively coupled to the first metal layer via a
second dielectric material disposed therebetween; and

a resistor disposed 1n series between the drain region and
an 1nput voltage source for the EPROM cell, the
resistor being configured to provide a breakdown cur-
rent limit for the EPROM cell.

18. An EPROM array 1n accordance with claim 17, further

comprising;

a row control transistor associated with each row:; and

a column control transistor associated with each column.
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19. An EPROM array in accordance with claim 17,
wherein the resistor has a resistance of about 100 ohms.
20. An EPROM array, comprising:
a plurality of EPROM cells disposed 1n rows and col-
umns, each EPROM cell including:

a semiconductor substrate, having source and drain
regions;

a floating gate, separated from the semiconductor sub-
strate by a first dielectric layer of substantially uni-
form thickness, the floating gate including a semi-
conductive polysilicon layer of substantially uniform
thickness engaging the first dielectric layer and being
clectrically interconnected with a first conductive
metal layer; and

a control gate, comprising a second conductive metal
layer, capacitively coupled to the first metal layer via
a second dielectric material disposed therebetween.

21. An EPROM array in accordance with claim 20,
wherein each EPROM cell 1s configured to accomodate a
programming voltage ol about 16+ 1 volts.

22. An EPROM cell, comprising:

a control gate, comprising a {irst metal layer;

a second metal layer capacitively coupled to the first

metal layer;
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a polysilicon layer of substantially umiform thickness,
clectrically interconnected to the second metal laver,
the polysilicon layer and second metal layer comprising
a floating gate;

a doped semiconductor substrate, having source and drain
regions; and

a first dielectric layer of substantially unifrom thickness,
disposed between the semiconductor substrate and the
polysilicon layer, such that an electrical charge associ-
ated with the floating gate will affect a level of current
between the source and drain regions.

23. An EPROM cell 1n accordance with claim 22, wherein
the top of the floating gate 1s coincident with the upper
surface of the first metal layer, the bottom of the tloating gate
1s coincident with the lower surface of the polysilicon laver,
and the top of the floating gate 1s substantially parallel to the
bottom of the floating gate.

24. An EPROM cell 1n accordance with claim 22, wherein
the control gate 1s substantially planar.

25. An EPROM cell 1n accordance with claim 22, wherein
the polysilicon layer 1s generally parallel to the second metal
layer.
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